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We describe a case of “Flexispira rappini” bacteremia from a 9-year-old girl who presented with a 5-day
history of fever, productive cough, and malaise. A chest X-ray result was compatible with right middle lobe
pneumonia. Blood culture grew a gram-negative spiral fusiform bacterium 2 days after the inoculation.
Biochemical tests showed the organism to be catalase negative, oxidase positive, sodium hippurate hydrolysis
negative, and urea hydrolysis negative. 16S rRNA gene sequencing identified this organism as “F. rappini,”
showing a six-base substitution from the type strain. This is the first report of “F. rappini” bacteremia in a
human, suggesting that this organism has the potential of causing invasive infection, but its role in pneumonia
is uncertain and could be unrelated to the bacteremia.

“Flexispira rappini” is described as a microaerophilic, urease-
producing, fusiform, gram-negative bacterium with bipolar
sheathed flagella (1). 16S rRNA gene sequence analysis has
shown that this organism is closely related to and shares mor-
phological features with some of the newly discovered Helico-
bacter spp., including H. bilis (4), H. canis (19), and H. acinonyx
(3).

“F. rappini” has been isolated from aborted sheep fetuses (2,
8), from the intestinal mucosa of laboratory mice (18), and
from the stool samples of two humans with mild chronic diar-
rhea (17). The organism has also been recovered from the
stool of an asymptomatic family member of one of these pa-
tients and from his 5-month-old healthy puppy (17). The as-
sociation of this organism with human gastrointestinal disease
is yet to be defined. We describe the first case of “F. rappini”
bacteremia suggestive of pneumonia in a child and the use of
16S rRNA gene sequencing to identify the organism.

CASE REPORT

A 9-year-old girl was admitted to hospital with a 5-day his-
tory of fever, cough productive of white sputum, decreased oral
intake, and general malaise. She had not complained of any
diarrhea or abdominal pain. She had a past history of an
appendectomy 3.5 years earlier and recurrent chest infections
over the last 2 years, which were treated with multiple courses
of antibiotics, but which did not require hospitalization. On the
day prior to admission, she visited her local doctor, who had
made a clinical diagnosis of pneumonia and had suggested
transfer to the hospital, but had not started her on any antibi-
otic treatment.

On examination, she had a temperature of 39.6°C, and had
focal chest signs of decreased air entry, inspiratory crepita-
tions, and bronchial breathing in the right middle zone. The
abdominal examination was normal. Laboratory investigations
revealed hemoglobin of 141 g/liter, leukocyte count of 5.0
(neutrophils, 2.7; lymphocytes, 1.5) 3 109/liter, and a platelet
count of 248 3 109/liter. C-reactive protein was 47 mg/liter. A

blood sample was taken in the Emergency Department, and
one pediatric blood culture bottle was inoculated. A chest X
ray was performed, and this showed peribronchial thickening
and patchy consolidation in the right middle zone, compatible
with a diagnosis of pneumonia. No sputum specimen was sent
for culture.

The patient was empirically treated with intravenous peni-
cillin at a dose of 1.2 g every 6 h. Within 48 h of starting the
antibiotics, her condition had markedly improved, with reso-
lution of her fevers and return of her appetite. The intravenous
penicillin was ceased after 72 h, and she was discharged home
with a 7-day course of oral erythromycin at 250 mg every 8 h.

The patient was reviewed in the Outpatient Department 3
months later. She had remained well postdischarge, and a
repeat X ray was clear. Of interest, a 10-week-old puppy had
joined the patient’s household about 6 weeks before she be-
came unwell. The puppy was healthy. There were also two cats
in the house; both had lived there for many years and were
well.

MATERIALS AND METHODS

The strain was recovered from the inoculated pediatric bottle of the BacT/
Alert Microbial Detection System (Organon Technika, Turnhout, Belgium) after
2 days of incubation. The contents of the bottle were subcultured onto a 6%
sheep blood agar plate and incubated in a microaerobic atmosphere, and the
culture was examined daily for growth.

Biochemical tests for Campylobacter sp., Gram smear morphology, and phase-
contrast microscopy were performed by standard methods.

Antibiotic susceptibility testing. The isolate was tested for susceptibility to
ampicillin, amoxicillin-clavulanate, metronidazole, cephalothin, nalidixic acid,
imipenem, doxycycline, chloramphenicol, ciprofloxacin, erythromycin, and gen-
tamicin by a disk diffusion test method. A total of 0.1 ml of a suspension of 105

organisms in brain heart infusion broth was evenly spread over the surface of a
6% sheep blood agar plate (Columbia agar base), and the susceptibility test disk
(Oxoid, Basingstoke, England) was placed on top of the lawn culture. The plates
were incubated under hydrogen-enhanced microaerobic conditions at 37°C. Af-
ter 48 h, the plates were read and interpreted according to the recommendations
of the National Committee for Clinical Laboratory Standards guidelines for
gram-negative bacteria (13).

Chromosomal DNA extraction, PCR, 16S rRNA gene sequencing, and rRNA
sequence alignment. The extraction and purification of chromosomal DNA from
the plate culture were performed as previously described (21). DNA amplifica-
tion of small subunit rRNA genes was performed by using the consensus terminal
primers as previously described (20). The full-length product (;1,500 nucleo-
tides [nt]) was sequenced directly by using terminal primers and internal primers
specific for 16S rRNA genes (9) in an automatic DNA sequencer (model 373A;
Applied Biosystems, Inc., Foster City, Calif.) by using a dye-labelled deoxy
termination method (Taq Dye-Deoxy Terminator Cycle Sequencing Kit; Applied
Biosystems, Inc.).
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Nucleotide sequence accession number. The rRNA gene sequence of the
isolate obtained in this study has been lodged with the GenBank database under
accession no. AF034135.

RESULTS

Two days after inoculation of a pediatric bottle of the BacT/
Alert Blood Culture System, the bottle flagged positive. Gram
staining of the blood culture revealed no organisms, and the
blood culture was subcultured onto two 6% horse blood agar
plates, a MacConkey agar plate, and a chocolate agar plate.
One of the inoculated horse blood agar plates was incubated
under anaerobic conditions, while the remaining three plates
were incubated under 5% CO2 at 35°C for 2 days. However, no
growth was detected after 2 days of incubation.

The blood culture bottle was reloaded into the BacT/Alert
Blood Culture System for a further 24 h, and it again flagged
positive. A wet preparation of the blood culture revealed or-
ganisms with darting motility. The Gram smear showed a long,
thin, but slightly curved gram-negative rod. Because a Campy-
lobacter sp. was suspected, a set of plates similar to the ones
described above were inoculated and incubated at 42°C under

microaerobic conditions (Gas Generating Kit, Campylobacter
System BR 056A; Oxoid). Growth was detected after 2 days of
incubation.

The organism took 2 days to grow into a greyish, wavy,
glistening colony 1 to 2 mm in diameter with an entire edge.
Growth was detected at 37 and 42°C under microaerobic con-
ditions and in the presence of enhanced H2, but not at 25°C.
Gram staining of the colony showed a gram-negative, slightly
curved fusiform bacterium (Fig. 1). Biochemical tests showed
the organism was oxidase positive, but it had negative reactions
to catalase, nitrate reduction, urea hydrolysis, and sodium hip-
purate hydrolysis. It was sensitive to nalidixic acid (30-mg disc),
but resistant to cephalothin (30-mg disc). The organism was
fastidious and did not survive upon subsequent subculture.
Further tests or repeated testing of some of the biochemical
reactions were not possible. Samples from the first and second
subcultures, which had been stored at 270°C, were retrieved
and were found to be no longer viable.

Susceptibility testing of the organism with a disk diffusion
test showed the organism to be sensitive to most antibiotics,
including ciprofloxacin, gentamicin, erythromycin, doxycycline,

FIG. 1. Light microscopy photomicrograph of a Gram smear of a culture of the clinical isolate of “F. rappini” showing characteristic slightly curved fusiforms.
Magnification, 31,000.
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amoxicillin-clavulanate, metronidazole, imipenem, and chlor-
amphenicol. Because the organism was not viable upon sub-
culture, we were unable to determine the MICs of various
antibiotics for the organism.

The 16S rRNA gene sequence of our isolate was determined
(GenBank accession no. AF034135) and was compared to oth-
ers in the sequence databases. The closest match was to the
16S rRNA gene of “F. rappini” NADC 1937 (GenBank acces-
sion no. M88138), which showed only six base substitutions.
These occurred at positions 18 (A to C), 427 (A to T), 450
(T to A), 1099 (T to C), 1293 (A to G), and 1325 (A to C).
However, the sequences of the four “F. rappini” strains in the
databases were incomplete, and there were a number of gaps
and undetermined nucleotides (N’s). Three of these are only
partial sequences of less than 1,000 nt. The most complete
sequence (of strain NADC 1937) is 1,421 nt long, but it con-
tains 25 uncertain bases (gaps and N’s). The sequence deter-
mined for our isolate is unambiguous and is 1,488 nt long.

There was some difficulty in assigning the closest relative of
our isolate, because the 16S rRNA gene sequence of “F. rap-
pini” is a member of a closely related group, mostly classified
as Helicobacter spp., and because the quality of the 16S rRNA
gene sequences in the databases is variable. Other similar se-
quences include those of H. bilis ATCC 51631 (11 base differ-
ences over 1430 nt), Helicobacter cinaedi ATCC 35683 (17 base
differences over 1,439 nt), and H. canis NCTC 12739 (24 base
differences over 1,408 nt).

DISCUSSION

In this report, we describe the first case of “F. rappini”-
associated bacteremia suggestive of pneumonia in a child. The
presence of clinical indications and radiological evidence of
pneumonia when the organism was isolated from the blood-
stream may suggest this organism as a cause of this condition,
but we are uncertain. The organism may cause transient bac-
teremia. Antibiotic therapy resulted in resolution of symptoms
and clinical improvement. However, the response to penicillin
is not compatible with the organism’s in vitro resistance to
cephalothin. The clinical isolate was sensitive to erythromycin
in vitro, but the response to antibiotics may be coincidental.

Previous reports indicate that this organism causes mild gas-
troenteritis, but our patient had no gastrointestinal symptoms.
The origin of “F. rappini” infection in our patient is not clear.
In view of the fact that a previous report demonstrated “F. rap-
pini” in the feces of an asymptomatic puppy of an infected
patient, we postulate that the most likely source of infection
was from contact with the household’s recently acquired puppy.
Unfortunately, because no attempt was made to culture this
organism from any of the domestic pets in the patient’s house-
hold, we cannot be certain whether the puppy or other animals,
such as cats, may also harbor this organism.

It is known that Helicobacter spp. have a wide range of niches
and can be found in mammals, including rodents (4, 5, 11),
cheetahs (3), hamsters (7), ferrets (6), cats (10), dogs (19), and
humans (12, 14). “F. rappini” has been isolated from aborted
ovine fetuses (2, 8), laboratory mice (18), dogs, and humans (1,
17). Other reservoirs for this infection have yet to be found.

Limited biochemical tests performed for this organism
showed that it has similar morphological and biochemical re-
actions to the previously reported isolates, with one exception.
Our isolate tested negative for urea hydrolysis, compared to all
other isolates, which produced rapid positive reactions. We are
uncertain whether our isolate represents a variant of the re-
ported strains or whether our test of urea hydrolysis yielded a
false-negative reaction because the isolate was already dead.

The original laboratory which referred the isolate did not per-
form the urea hydrolysis reaction test. They reported similar
results in the other tests. Unfortunately, the original BacT/
Alert bottle was discarded after growth of a plate culture.

“F. rappini” is a fastidious organism. One of the three iso-
lates described by Archer et al. (1) was subsequently lost dur-
ing biochemical tests. Our isolate lasted two subcultures, de-
spite the fact that the primary plate showed such abundant
growth and that great care and conscious efforts were made not
to leave it in the air longer than 2 h during testing. In spite of
this, several attempts to revive it failed. Similar problems oc-
curred with the type strain of “F. rappini” obtained from the
American Type Culture Collection, even though two repeated
isolates were sent when requested.

Like most campylobacters and helicobacters, “F. rappini” is
biochemically inert in standard laboratory tests, and there are
only a limited range of phenotypic tests available for identifi-
cation and differentiation. These groups of organisms usually
require more advanced techniques for definitive identification.
Because we have encountered great difficulties in growing the
type strain to be used for testing, we were unable to use a
number of recognized methods, such as DNA-DNA hybridiza-
tion, whole-cell protein banding profiles, or gas-liquid chroma-
tography of fatty acids, to characterize this organism.

16S rRNA gene sequencing was used in this study to identify
the organism. This method allows identification of the organ-
ism without the prior knowledge of the gene sequence and
without the need for a culture or the DNA of a type strain. The
organism was lost during testing, but sufficient DNA was ex-
tracted prior to the loss of a culture to enable us to continue
with further analysis. The presence of more than 5,000 16S
rRNA gene sequences of bacteria, including reference strains,
in the databases that are readily available and accessible allows
genus and species identification of bacterial pathogens. As
demonstrated in this case and by many previous studies, com-
parative 16S rRNA sequence analysis is a useful and powerful
tool for identification, classification, and phylogenetic study of
bacteria, especially for those that are difficult to grow or that
are uncultivable (15, 16).
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